Dimensional topography of micro-structure plays an important role in addressing quality issues and achieving a better performance of micro-fabricated products. Structured-illumination is an incoherent method to measure the micro-topography of smooth objects with nm height resolution. However, traditional phase shift algorithm (PSA) need at least three graphs for contrast evaluation of each scanning position and is not conducive to real-time measurement. In this paper, the principle of two-dimensional Fourier transform algorithm (FTA) for contrast evaluation has been proposed. With this method, only one pattern is required to determine the contrast value of a whole field. Both theory and experiments are conducted in detail to demonstrate that the FTA can greatly level up the efficiency and achieve an improved robustness in a complex measurement environment with the potential to be applied in online measurement.
INTRODUCTION
Micro devices play a key role in many domains including semiconductor industry, medical cure, and display domains. 1, 2 Three-dimensional measurement of micro structure is an area with growing needs and interest since it can always have a significant influence on the performance of micro products. In the past few years, various techniques have been proposed to obtain the topography of micro object such as stage profiler, atomic force microscopy (AFM) and scanning electron microscopy (SEM). 3, 4 Some of them could achieve a high precision. However, it may destroy the measured structure because of the contacting methods. Optical measurement methods play a significant role in the field of profile metrology due to its noncontact and high precision.
Recently, structured illumination microscopy (SIM) receive much interest for precise topography of micro object surfaces due to its several features: it is an incoherent technique that can measure rough and smooth object. The local depth resolution is in the nanometer regime, for smooth object. 5, 6 The possible depth of filed may be larger than 100 times the Rayleigh depth of field. 7 The traditional SIM system share all the common operations: projecting a patterned illumination on the sample, phase-shifting the pattern in accurate steps over the specimen, determining the contrast for all pixels, shifting the specimen in steps of z through focus, extracting the focal depth response (FDR) for all pixels and determining the focal position of each pixel to generate the topography of the specimen. The measurement system requires two PZT stages to achieve a high precise phase shifting and vertical scanning respectively. When this method is applied in real-time measurement, the measurement efficiency is low due to its complex measurement process. In addition, the precision of SIM systems using a grating is prone to phase shift error.
For industrial applications a fast measurement is one of the desired aspects. This paper proposes two-dimensional Fourier transform algorithm (FTA) for contrast evaluation and reshaping the 3D topography of micro structures. With this method, only one pattern is required to determine the contrast value of a whole field. After that, the focal depth response of each pixel is analyzed along the scanning direction (z-axis) to obtain the corresponding height and finally reshape the topography of micro structure. This method can effectively improve the measurement efficiency. In addition, owing to the characteristic of FTA, the method could effectively suppress the negative influences caused by light fluctuations and external irradiance disturbance.
In the research, we will introduce the principle of FTA, which contains contrast evaluation and topography recovery algorithm. To demonstrate the performance of the proposed method, a micro-dome sample has been measured. Results show that the proposed method can greatly improve the measurement efficiency and achieve an improved robustness in a complex measurement. 1 shows the measuring system of SIM for topography measurement of a micro structure. The process of measurement: a sinusoidal fringe pattern generated by digital micro-lens device (DMD) is transmitted through tube lens1, splitter mirror and microscope onto the sample. The distorted pattern will be imaged through the microscope, splitter mirror and tube lens 2 onto the CCD camera. 8 For our contribution, we assume that tube lens 1 and tube lens 2 have the same focal length. The sample and the fringe pattern are simultaneously in focus or blurred. Blurring of the fringe pattern, which is caused by axial displacement of the sample, entails a loss in fringe contrast C. While the object is scanned along the z-axis, the contrast C(x, y) is measured for each z-position. From the maximum of C (z) at the position 0 Z , the object shape 0 Z ( , )
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x y can be acquired.
Contrast Evaluation
In structured illumination microscopy, when the sinusoidal pattern is reflected from the sample, the intensity field can be derived as: (1) is conducted to obtain the frequency spectra, as expressed in From the above analysis, we can see that only one pattern is required to determine the contrast distribution, so the proposed method can greatly improve the measurement efficiency. In addition, since the high frequency components such as noise are filtered out, the measuring system will achieve an improved robustness in a complex measurement.
Topography Recovery
The theoretical exact contrast curve which describes the relation between contrast and the height information of measured object analytically calculated by P.A.Stokseth is shown in Figure.3 (a) . While the object is scanned along the z-axis, the contrast C(x, y) will be measured by FTA for each z-position. For the topography recovery, the focal position 0 Z for every pixel has to be determined. Therefore the position of the maximal contrast of the focal depth response has to be localized. Due to the cone shaped of contrast curve, the Gauss function: 
might be promising fit functions whereby 0 Z is the estimated focal position for all algorithms. Figure. 
EXPERIMENT
To demonstrate the FTA, experiments are conducted according to the theory described above. The experiment setup is developed as shown in Fig.4 by referring to Fig.1 . The system mainly contains a broadband light source (LED illuminant enveloped by Gaussian function whose central wavelength is 533 nm and bandwidth is 160 nm), a CCD camera (WAT-902H) which contains 576 X 768 pixels with the resolution of 6.25 X 6.5 um, a microscopy (20X, NA=0.45,CFplan) which is produced by Nikon company, a PZT scanning stage (the resolution is ± 0.5 nm), and self-designed imaging components. In the experiment, a smooth micro-dome structure is utilized as the measured sample. Through scanning the measured object from 0um to 34um at the step pace of 1um in z-direction, 34 patterns are obtained by CCD camera and saved in the computer. Fig.5 (a) is the captured image at the scanning position of 14um. Selecting pixels (320,450) as an example, the contrast curve can be obtained related to different scanning step numbers by FTA, as plotted in figure.5(c) . From the contrast curve, the topography of micro object can be determined, as is shown in figure.5 (d) . 
CONCLUSION
From the experiment results, we can see that only one pattern is required to reshape the topography of micro objects. The measurement efficiency has been greatly improved. From the Figure. 5 (e), the surface of measured object is smooth and the negative influences caused by light fluctuations and external irradiance disturbance have been effectively suppressed due to the characteristic of 2-dimensional Fourier transform algorithm. Nevertheless, the proposed method cannot properly operate when the object surface is discontinuous.
In summary, this paper has analyzed the theoretical principle and experimental validation of 2-dimensional Fourier transform algorithm for dimensional metrology of smooth structures. This technique can achieve a high measuring efficiency and an improved robustness with the potential to be applied in online topography measurement.
